Abstract. The occurrence of transposable elements (TEs) is a ubiquitous characteristic of eukaryotic genomes, and these sequences are highly abundant in some species. Due to their large genomes, grasshoppers (Orthoptera) appear to be potentially good candidates in terms of having genomes that harbour considerable numbers of TEs. In the present study, we have investigated the occurrence of two Mariner-like elements (MLEs) within the genome of the grasshopper, Abracris flavolineata (De Geer, 1773), describing their distribution in both the A (i.e. standard or normal) complement and B chromosomes. PCR amplification followed by cloning and sequencing revealed two Mariner-like elements, which were named Afmar1 and Afmar2. Moreover, subsequent fluorescence in situ hybridization (FISH) assays indicated an abundance of these elements in the euchromatic regions of all the standard complement chromosomes and an absence of such sequences in heterochromatic regions. These sequences were also abundant in the euchromatic B chromosome: Afmar1 was distributed along the entire length of the chromosome, whereas Afmar2 was restricted to the proximal/interstitial regions of the chromosomal long arm. The general aspects of the distribution patterns of the two MLEs are discussed as well as their possible involvement in the origin and diversification of the B chromosome in A. flavolineata.
IntroductIon
The occurrence of multiple copies of identical or similar repetitive DNA sequences is a common feature of eukaryotic genomes. Among these sequences are transposable elements (TEs), which are ubiquitous in most eukaryotes and may comprise a large portion of the DNA in some species (cf. Hurst & Werren, 2001; Lander et al., 2001; Kidwell, 2002; Biémont & Vieira, 2006; Feschotte & Pritham, 2007; Charles et al., 2008; Osanai-Futahashi et al., 2008; Hua-Van et al., 2011) . TEs have a capacity for movement between non-homologous sites (a common feature of TEs). TEs can change their specific locations in genomes, and this movement can influence their accumulation and the generation of polymorphisms. Due to these characteristics, TEs were first considered selfish genetic elements or genomic parasites (Doolittle & Sapienza, 1980; Orgel & Crick, 1980) . However, it is currently believed that they can influence the architecture and function of genomes; indeed, TEs are considered an important driving force for genomic reorganization and evolution (Kazazian, 2004; Biémont & Vieira, 2006; Feschotte & Pritham, 2007; Böh-ne et al., 2008; Biémont, 2010; Hua-Van et al., 2011) .
TEs are classified into two classes according to their structure and mechanism of transposition: class I (retrotransposons) and II (transposons), using RNA as an intermediate or transposing directly as DNA, respectively (Wicker et al., 2007; Kapitonov & Jurka, 2008) . Among the transposons, the Mariner elements constitute a superfamily of widespread elements and have been observed in several groups of organisms (Langin et al., 1995; Augé-Gouillou et al., 1995; Plasterk et al., 1999; Feschotte & Wessler, 2002; Jacobs et al., 2004; Sinzelle et al., 2006) . Mariner elements are approximately 1,300 bp long and are flanked by a terminal inverted repeat (TIR) of 28-32 bp; the element consists of a single intron-less gene that encodes for the transposase, which is responsible for the transposition mechanism, including excision, transfer and DNA strand repair (Lampe et al., 1996; Wicker et al., 2007) . Supernumerary B chromosomes have been considered for some time to represent another class of "selfish" genetic element, occurring in more than 1,500 animals and plants and possessing mechanisms for accumulation. Most B chromosomes are heterochromatic and are mainly composed of several types of repetitive DNAs, such as TEs, distinct multigene families, and satellite DNAs (Camacho, 2005; Houben et al., 2013) . The South American grasshopper species Abracris flavolineata (De Geer, 1773) (Orthoptera: Acrididae) possesses a karyotype composed of 2n = 23, X0 (males) with heterochromatin (revealed by Cbanding) concentrated in the centromeric region, extending to the short arms of all chromosomes; additionally, 30.7% of the individuals from a population collected in the vicinity of Rio Claro, São Paulo, Brazil, harbour one or two distinct submetacentric B chromosomes that are entirely euchromatic (Bueno et al., 2013) . To understand the chromosomal organization of TEs, with an emphasis on the B chromosome, we analyzed two distinct Mariner-like elements (MLE) that exist in the A. flavolineata genome. Our present results show a wide dispersion of both MLEs in and signals were analyzed using an Olympus microscope BX61 equipped with a fluorescence lamp and the appropriate filters. Photographs were taken and recorded using a DP70 cooled digital camera. At least ten metaphase spreads were photographed for each probe. Images were obtained in grey scale and then pseudocolored, optimized for brightness and contrast and merged using Adobe Photoshop CS2.
results
PCR amplification using the primers MAR-188F/MAR-251R revealed a unique band of approximately 150 bp (Fig. 1a) ; primers N6799 amplified multiple bands and the strongest band, which was approximately 470 bp was examined using other techniques (Fig. 1b) . The sequencing and Blast search revealed that the consensus sequence (from five clones) of the 150 bp band was essentially similar to the Mariner elements isolated from, for example, the beetles, Diabroctis mimas L. (JX976934: query cover 37%, identity 97%) and Coprophanaeus ensifer Germar (Coleoptera: Scarabaeidae) (JX976928: query cover 22%, identity 97%), the earwig, Forficula auricularia L. (Dermaptera: Forficulidae) (AY226502: query cover 33%, identity 100%) and the honeybee, Apis mellifera L. (Hymenoptera: Apiidae) (AY226477: query cover 33%, identity 100%); this sequence was named Afmar1. With regard to the 470 bp sequence (named Afmar2), the consensus of six clones revealed similarity with the Pogo-Tc1 element from the pufferfish, Takifugu rubripes (Temminck & Schlegel) (Actinopterygii: Tetraodontiformes: Tetraodontidae) (simieuchromatic chromosomal regions, including the B chromosome.
MAterIAl And Methods

Animals, chromosome obtaining and dnA isolation
Adult males and females of A. flavolineata were collected in the Parque Estadual Edmundo Navarro de Andrade in Rio Claro, São Paulo, Brazil, with the authorization of ICMBio SISBIO (process number 16009-1). Female gastric caeca were removed and fixed in a 3 : 1 ethanol : acetic acid solution for chromosome preparation according to Castillo et al. (2011) . All specimens were stored in 100% ethanol for later DNA extraction. Genomic DNA was extracted using a the phenol-chloroform procedure of Sambrook & Russel (2001) . To detect the presence of B chromosomes, we used a conventional staining procedure with 5% Giemsa for each individual.
PCR amplification, sequence cloning and analysis
The Mariner-like elements were amplified by the polymerase chain reaction (PCR) using genomic DNA obtained from 0B individuals combining the primers MAR-188F (5′ ATC TGR AGC TAT AAA TCA CT) and MAR-251R (5′ CAA AGA TGT CCT TGG GTG TG), while the primer N6799 (5' GCC ATA TGT CGA GTT TCG TGC CA) was used alone because it anneals in the TIRs (Terminal Inverted Repeat) regions (zhang et al., 2001; Lampe et al., 2003) . PCR was performed in 10 × PCR Rnx Buffer, 0.2 mM MgCl 2 , 0.16 mM dNTPs, 2 mM of each primer 1 u Taq DNA Polymerase (Invitrogen, San Diego, CA, uSA) and 50-100 ng/μl DNA. The PCR conditions included an initial denaturation step at 94°C for 5 min, followed by 30 cycles at 94°C for 30 s, an annealing temperature of 55°C for 30 s, extension at 72°C for 80 s plus a final extension step at 72°C for 5 min.
The PCR products were separated on a 1% agarose gel, whereafter the most evident DNA bands were purified using the kit Zymoclean™ Gel DNA Recovery Kit (zymo Research Corp., The Epigenetics Company, uSA) according to the manufacturer's recommendations. The purified PCR products were ligated to the plasmid pGEM-T (Promega, Madison, WI, uSA), and the recombinant constructs then used to transform DH5 Escherichia coli competent cells. Positive clones were sequenced using an ABI Prism 3100 automatic DNA sequencer (Applied Biosystems, Foster City, CA, uSA) with a Dynamic Terminator Cycle Sequencing Kit (Applied Biosystems).
The quality of the sequences was assessed using Geneious 4.8.5. Software (Drummond et al., 2009) , and consensus sequences were used as an initial query against the collection deposited in The National Center for Biotechnology (NCBI) (http://www. ncbi.nlm.nih.gov) using the Blast search tool and CENSOR online software for the Repbase database (http://www.girinst.org/ repbase/) (Jurka et al., 2005) . The consensus sequences were deposited in the GenBank database under the accession numbers KJ829354 and KJ829355.
Fluorescent in situ hybridization
FISH was performed according to Cabral-de-Mello et al. (2010) with probes labeled with digoxigenin-11-duTP using PCR and were then detected using anti-digoxigenin Rhodamine (Roche, Mannheim, Germany). The probes for the isolated sequences were obtained from a pool of clones. FISH was performed in three distinct individuals for each probe and at least five metaphases were analyzed for each animal to confirm the patterns of hybridization.
The preparations were counterstained using 4', 6-diamidine-2'-phenylindole dihydrochloride (DAPI) and mounted in Vectashield (Vector, Burlingame, CA, uSA). The chromosomes Fig. 1 . Electrophoresis of PCR products after the amplification of (a) Afmar1 (primers MAR-188F and MAR-251R) and (b) Afmar2 (primer N6799) elements using as template genomic DNA from A. flavolineata males with 0B chromosome. Asterisks indicate the bands extracted for cloning. larity 65%), which has been deposited in Repbase (Smit, 2002) . The both sequences, Afmar1 and Afmar2, are defective, considering their size in relation to canonical Mariner elements.
Chromosomal mapping of Afmar1 and Afmar2 by FISH revealed their enrichment in euchromatic regions of all A complement chromosomes. No signals were observed for the regions that corresponded to heterochromatin blocks, e.g., the pericentromeric region extending to the short arm (Fig. 2) . Afmar1 was dispersed throughout the B chromosome (Fig. 2c) , whereas Afmar2 was located only in the proximal/interstitial position of the long arm (Fig. 2f) .
dIscussIon
The organization and composition of TEs in the genome of grasshopper species are poorly known, and the chromosomal mapping of distinct elements has been performed to date in Eyprepocnemis plorans (Charpentier) (Orthoptera: Acrididae) (Montiel et al., 2012) . Considering that grasshoppers have large genomes, reaching up to ~ 17 pg in Podisma pedestris (L.) (Orthoptera: Acrididae) (Westerman et al., 1987) , and that TEs could be directly involved in increasing genome size in eukaryotes, grasshopper genomes potentially harbour a large number and diversity of these elements (Kidwell, 2002; Biémont & Vieira, 2006; Feschotte & Pritham, 2007 ; Hua- Van et al., 2011) .
Recently, Wang et al. (2014) analyzed the sequenced genome of the migratory locust, Locusta migratoria (L.) (Orthoptera: Acrididae) and identified large quantity of mobile elements, i.e. among the 6.5 Gb of DNA in the L. migratoria genome, ~ 24% were found to be transposons and 17% LINE retrotransposons. The occurrence of TEs in eukaryotic genomes is well represented by MLEs, which have been isolated from some animal groups. These elements are primarily non-functional due to occurrence of distinct mutations (see for example Green & Frommer, 2001; Kumaresan & Mathavan, 2004; Rezende-Teixeira et al., 2008) , as in the case of A. flavolineata, in which the copies of MLEs isolated are defective.
As observed in E. plorans, we noted the occurrence of TEs enriched in euchromatic areas (Montiel et al., 2012) . This distribution pattern is uncommon, as the preferential sites for TEs are in general the heterochromatic regions with a typical low gene density (Dimitri et al., 2003) . In Orthoptera, the reasons for a high genomic distribution of MLEs detected by FISH are not clear; however, the similar distribution patterns of these elements in euchromatin noted in this work, as well as in E. plorans, reinforces the view that there is a preferential insertion of such sequences in euchromatic regions. Such results lead to two main conclusions: (i) enrichment of TEs in euchromatic regions is a common feature of grasshopper chromosomes; and (ii) the high extent of TEs amplification and mobility is common in this group. It has been claimed considering that the two species studied until now are distantly phylogenetically related; however, we cannot exclude the possibility of this TEs distribution pattern as a particular characteristic for the TEs studied, e.g., amplification in specific chromosomal regions, producing multiple arrays, followed by dispersion at other chromosomal sites. Recently, Montiel et al. (2012) suggested that the occurrence of TEs in the euchromatin of E. plorans was tolerated because of its large genome (10.16 Gb, Ruiz-Ruano et al., 2011) and because TEs have insertion sites in pseudogenes, intergenic spacers and other repetitive sequences. The study of the L. migratoria sequenced genome revealed that the increase in intron size may be partly caused by TE invasion (Wang et al., 2014) . These proposed scenarios could also explain the abundance of TEs in A. flavolineata, given the large genomes of grasshoppers.
The paucity of TEs in the heterochromatin of A. flavolineata may be attributable to the occurrence of other sequences in these regions; for example, H3 histone genes have been observed in all centromeres, and 18S rDNA occupies some heterochromatic areas that may have avoided invasion by the studied MLE TEs. These areas are also enriched for other moderately and highly repetitive sequences, as corroborated by C 0 t-1 DNA mapping (Bueno et al., 2013) ; however, we cannot completely rule out the possibility of TE copies in genomic regions that have not been revealed by FISH. This absence also could indicate that these elements have not played a role in either autosome or sex chromosome heterochromatin organization in the studied species, as proposed for E. plorans (Montiel et al., 2012) . In contrast, Mamestra brassicae (L.) (Lepidoptera: Noctuidae) displays heterochromatic regions of its sex chromosomes that are enriched with an MLE (Mandrioli, 2003) .
B chromosomes are a propitious target for TEs accumulation due to their general lack of recombination, whilst the enrichment of TEs in the euchromatic B chromosome of A. flavolineata accords with the distribution of these elements in the A complement. Some other cases of TE enrichment in B chromosomes have also been reported, such as for Gypsy retrotransposons in fishes, i.e. the common bleak, Alburnus alburnus (L.) (Actinopterygii: Cypriniformes: Cyprinidae) (ziegler et al., 2003) and Rex1 and Rex3 retrotransposons in the zebra Obliquidens, Astatotilapia latifasciata Regan (Actinopterygii: Perciformes: Cichlidae) (Fantinatti et al., 2012) . LOA-like non-LTR retrotransposons have been reported in the scarab beetle, Coprophanaeus cyanescens Olsufieff (Coleoptera: Scarabaeidae) (Oliveira et al., 2012) , and the BALTR element has been reported in maize, Zea mays L. (Poaceae) (Lamb et al., 2007) . In addition, the Revolver element has been reported in rye, Secale cereale L. (Poaceae) (Marques et al., 2013) , and Gypsy retrotransposons in the fungus Nectria haematococca (Berk. & Broome) Samuels & Rossman 1999 (Sordariomycetes: Hypocreomycetidae: Hypocreales: Nectriaceae) (Coleman et al., 2009) . In contrast, the B24 and B2 chromosomes of E. plorans exhibit a paucity of mapped transposable elements, i.e. only small interstitial bands, which according to Montiel et al. (2012) have probably participated in B chromosome mutation/instability in this species. In A. flavolineata, the enrichment of the two MLEs in the B chromosome also suggests their possible role in the origin/differentiation of this chromosome. According to Bueno et al. (2013) , the submetacentric B chromosome observed in A. flavolineata was generated via isochromosome formation, followed by a pericentric inversion or the enlargement of one arm. The distribution of Afmar2 in the B chromosome, which is restricted to the proximal/interstitial area of the large arm, suggests its involvement in the differentiation of this chromosome, specifically in the expansion of one arm.
Considering that ancient TEs have a tendency toward accumulation in euchromatin, the ubiquitous occurrence of the two MLEs in this genomic area of A. flavolineata argues for a remarkable amplification of this element in the past that preceded the origin of the B chromosome and may have played a role in its evolutionary history. The analysis of other A. flavolineata populations harbouring B chromosomes using TEs as markers could shed light on the evolutionary dynamics of this polymorphism in a geographical context, as well as the isolation of other classes of TEs. Studies of additional Orthopteran species will also doubtless contribute to our knowledge of TEs and their impact on the genomes of this group. 
